Background and Importance
Vasospasm is a well-known complication of a subarachnoid hemorrhage (SAH) subsequent to rupture of intracranial aneurysms. Nevertheless, symptomatic vasospasm due to skull base tumors removal is an uncommon event and only few cases have been previously reported following resection of meningioma (1, 2) . This condition shares clinical features with the one following SAH and depends on the surgical field site, the location of vasospasm (anterior or posterior circulation), the surgical approach performed and the mass of blood clot. Conversely, mortality and morbidity are very high, both for the lack of clinical suspicion and the delayed treatment (3) (4) (5) . Early diagnosis and prompt therapy planning are mandatory for a successful treatment. We performed a complete literature review using proper key-words such as "symptomatic vasospasm", "meningioma resection", "skull base tumors", "postoperative vasospasm", "subarachnoid hemorrhage", "tuberculum sellae", "sphenoid planum", and "nimodipine therapy" on PubMed and MEDLINE databases. We also completely reviewed clinical notes and imaging reports, with the evaluation of short-term clinical follow-up. We considered only cases of symptomatic cerebral vasospasm following a skull base meningioma resection including comprehensive clinical and radiological data.
Case Presentation

Patient's History and Status
A 40-year-old woman was admitted to our department with recurrent episodes of visual loss associated with right hemifacial pain from some years now. Patient's history showed positivity to HCV infection and a dysplasia of uterine cervix (cervical intraepithelial neoplasia, grade 2). The patient complained about pain on the second trigeminal branch which was evoked in association with decreasing visual acuity on right eye. Subsequently, we noted anisocoria with the diameter of right pupilla greater than the left one.
Neuroimaging
A gadolinium MRI was performed to assess clinical image and reported a lesion with 3.2 × 2.7 × 3.2 cm, isointense on T1-weight sequences and hyperintense on T2-weight in the region of anterior fossa, showing compatibility with tuberculum and diaphragma sellae mengioma (Figures 1,2) . The digital angiography reported a delayed medial impregnation on the clivus region with bilateral A1-segments dislocation which confirmed the suspicious lesion. That study also showed the coexistence of cortical arterio-venous shunt from a parietal feeder of posterior cerebral artery (PCA) with a single shunting by a cortical vein into the sagittal sinus (micro arteiovenous malformation (AVM)).
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A pterional craniotomy was performed on the right side, and a subfrontal approach revealed a grey and fibrous-like lesion with attachment on the tuberculum and the diaphragma sellae. The right optic nerve was dislocated and thickened and the carotid artery was totally entrapped by the meningioma. After careful dissection of the vascular and neural structures and central debulking, the tumor was completely excised and the dural attachment coagulated with a grade II resection according to Simpson. No intraprocedural bleedings were observed, and hemostasis was simple and effective.
Post-operative Course
After the operation, the patient underwent a post-operative CT scan without evidence of bleeding at the surgical site. After a few days, a total recovery was observed and the patient was discharged without neurological symptoms on fifth postoperative day. One week later, the patient was re-admitted to our emergency department because of accidental fall and mild head trauma, and underwent a CT scan with a limited hemorrhagic infarction in the surgical site (Figures 3-5 ).
Second Admission
The patient was mild febrile for two days, without any other evidence of neurological impairment. The next day, she experienced an early clinical worsening with aphasia, left side weakness and severe consciousness deterioration. A transcranial Doppler (TCD) study was performed in order to evaluate the progression of symptoms with the evidence of increased flow velocity in both middle cerebral arteries (MCAs) (307 cm/sec on left side; 228 cm/sec on right side), anterior cerebral arteries (ACAs) (174 cm/sec on left side; 128 cm/sec on right side) and in the posterior circulation (88 cm/sec).
The diagnosis of symptomatic cerebral vasospasm was therefore suspected, and the medical therapy (triple -H by hypertension, hypervolemia, hemodilution) was immediately started associated with the intravenous administration of nimodipine (2mg/h infusion). Subsequently, the patient immediately 
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IrJNS. 2016;2(1) 27 underwent a digital subtraction angiography (DSA) which confirmed the diagnosis of severe vasospasm in both MCAs, carotid siphons and ACAs, but more evident on the left A1 tract and the right C4 tract of internal carotid artery (Figures 6-9) . A slowing down of blood flow was observed within the vascular territory of the left ACA. No sign of vasospasm was detected within the posterior circulation. Then, the patient underwent endovascular treatment by intra-arterial injection of 12 mg of nimodipine through both internal carotid arteries (ICAs) (6 mg for each side), restoring normal blood flow (Figures 10,11 ). The same procedure was repeated once a day during the next two days (eight mg during the second day and four mg during the third day) based on the TCD follow-up, and a progressive improvement of clinical status was observed. The patient was discharged eight days later, following a negative CT scan for delayed ischemia (Figures 12,13) , and the TCD revealed normal values of flow velocity. No neurological deficits were observed at the time of discharge. 
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Discussion
We performed a comprehensive literature review using "cerebral vasospasm", "tumor resection" and "meningioma" as key words. According to our criteria, 14 cases of vasospasm associated with meningioma resection were found; 12 patients of whom were symptomatic ( According to the literature, where the patients affected by symptomatic vasospasm following meningioma resection were young (mean age=41 years) (6), our case presented clinical features at the age of 40. In all reported cases, the lesions of the skull base were located close to the basal cisterns. Post-operative bleeding was also observed in all of them. It is also well known that subarachnoid bleeding leads to vasospasm in a mean time of 7-8 days (7). We found, instead, a delayed vasospasm (12th post-operative day) and that late diagnosis could be explained by an unclear clinical onset (blurred frontal lobe syndrome). The high rate of mortality (30%) once patient becomes symptomatic enforces physicians to begin the proper vasospasm management (8) (9) (10) (11) (12) . This practice consists in the execution of hyper-dynamic therapy, endovascular pharmacological therapy with nimodipine and mechanical angioplasty (where suitable), as soon as possible (3) . A correct and early diagnosis combined with a proper medical/endovascular treatment is the only way to obtain a successful management of this potentially fatal occurrence. In a pathophysiological point of view, a vasospasm following tumor removal may be explained by a peri-operative SAH. In other cases, it might be a consequence of increased sympathetic tone due to diencephalic dysfunction (5) or vasoactive materials from tumor secondary to a surgical site manipulation (2, 8, 12) .
Conclusion
Symptomatic vasospasm following skull base meningioma resection is a very rare and challenging occurrence, with high mortality/morbidity rates. Nevertheless, the data from literature suggest that the key seems to be the early diagnosis associated with a correct treatment. This practice ensures either the survival or the complete recovery of neurological functions in young patients. Symptomatic vasospasm, associated with skull base meningioma resection, has to be a crucial issue for a correct management.
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Comments
Vasospasm associated cerebral ischemia is a rare complication following surgical resection of brain tumors. These neoplasms are usually located within or adjacent to the basal cisterns. With regard to brain tumors, significant vasospasm is reported in the postoperative period in only less than 50 cases throughout the literature (1). This complication can be devastating for the patients as well as the neurosurgeons as the ischemic sequel, severe disability or death is expected in more than 70% of cases. The main reason for such a bad prognosis is believed to be delayed diagnosis. It may easily be confused with cerebral edema or surgical injury, leading to misdiagnosis and inappropriate treatments. Nonetheless, this complication is potentially treatable if recognized soon.
Capozza et al. have nicely reported a case of documented vasospasm following resection of tuberculum and diaphragma sellae meningioma (2) . Although previously reported earlier in the literature (1), the delayed occurrence of symptoms is very rare and apparently an interesting feature of this case, but it seems that this should be interpreted with caution and the main cause of such a complication needs to be further discussed.
The key indicator of surgically related symptomatic cerebral vasospasm is delayed neurological deterioration. The most common manifestation is hemiparesis (1) . The interval between tumor resection and the onset of the symptoms is usually three to ten days, just identical to what is expected after aneurysmal SAH, although the complication can occur
Vasospasm after Resection of a Meningioma even 30 days after the operation (1) . The cause appears to be multifactorial and blood spillage into the subarachnoid space, increased sympathetic tone due to diencephalic dysfunction, operative manipulation of vessels and the release of vasoactive substances from the tumor are believed to be the main factors playing role in the pathogenesis (1, 3) . In this particular case, considering the pathogenesis and natural history of vasospasm, this strong possibility should be kept in mind that the complication could have basically been produced by the delayed hematoma rather than surgical manipulation itself. With delayed hematoma being assumed as the main cause, both the time interval between vasospasm and the surgical intervention and bilateral occurrence of vasospasm will be explainable in a much better fashion.
